Abstract: History and current status of human taeniasis in the Republic of Korea, due to Taenia solium, Taenia asiatica, and Taenia saginata, are briefly reviewed. Until the 1980s, human taeniasis had been quite common in various localities of Korea. A study from 1924 reported 12.0% egg prevalence in fecal examinations. Thereafter, the prevalence of Taenia spp. ranged from 3% to 14% depending on the time and locality. Jeju-do, where pigs were reared in a conventional way, was the highest endemic area of taeniasis. An analysis of internal transcribed spacer 2 and mitochondrial cytochrome c oxidase 1 genes of 68 taeniasis cases reported from 1935 to 2005 in Korea by a research group revealed the relative occurrence of the 3 Taenia spp. as follows: T. solium (4.4%), T. asiatica (75.0%), and T. saginata (20.6%). However, national surveys on intestinal helminths conducted every 5 years on randomly selected people revealed that the Taenia egg prevalence dropped from 1.9% in 1971 to 0.02% in 1997 and finally to 0.0% in 2004. With the exception of 3 egg-positive cases reported in 2008 and 2 worm-proven cases in 2011, no more cases have been officially recorded. Based on these surveys and also on other literature, it can be concluded that taeniasis has virtually disappeared from Korea, although a few sporadic cases may remain hidden. Human cysticercosis is also expected to disappear within a couple of decades in Korea.
INTRODUCTION
Human taeniases are distributed worldwide [1] . The diseases are zoonotic because they involve pigs or cattle as the intermediate host and humans as the definitive host [1] . They are caused by 3 species of Taenia (their scolices are shown in Fig. 1 ) -T. solium, T. asiatica, and T. saginata -with the first 2 being transmitted by pigs and the third by cattle [1] . T. saginata and T. solium were undoubtedly observed from ancient times, including the dates of Hippocrates and possibly Moses [2] . However, the 2 species were not specifically differentiated until 1782 [2] . The Greeks (Aristophanes and Aristotle) mentioned the larval stage of T. solium in the tongue of the swine [2] . The larval stage of T. saginata was first observed in cattle in 1675 and was experimentally confirmed in 1863 [2] . The existence of T. asiatica, which is transmitted by swine (liver and viscera) was first notified in Taiwan in the 1930s [1, 3] , and was subsequently also found in the Republic of Korea (hereafter Korea) and Indonesia from the 1960s [1] . T. asiatica was reported as a distinct species in 1993 [4] .
Human taeniasis was quite common in wide localities of Korea until the 1980s. However, recent national surveys showed that the Taenia egg prevalence became as low as 0.02% in 1997 and 0% in 2004. Thereafter, only 5 sporadic cases were detected during 2006-2011. We can presume that human taeniasis has almost disappeared from Korea. The present paper presents a brief review of the history of human taeniasis and discusses on their current status in Korea.
PREVALENCE OF TAENIASIS NATIONWIDE
Human Taenia tapeworms are mentioned in a medical book in Korea, "Dong-Eui-Bo-Gam", published in 1613. They were termed as "Chon-Baek-Chung", which means "small whitish worm", recognizing the morphology of spontaneously discharged gravid proglottids. However, it was not until 1914 that hu-man taeniasis was first documented by the recovery of eggs in the feces of North Korean individuals [5] . The egg positive rate was 7.8% among 206 hospital patients (Suan Mine Hospital) examined (Table 1) [5] . Various studies conducted up to 1924 reported prevalences higher than 7.2% [6] [7] [8] . A report from a prison in Seoul stated that the prevalence of Taenia eggs was 12.0% among 1,280 prisoners in 1924 [8] . However, after 1927, the prevalence became lower than 5.0% and was maintained around 1-2% until the 1980s [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . A notable figure was the 1.9% prevalence in 1971 among 24,887 nationwidely and randomly selected Korean people [17] . At that time, the province with the highest Taenia prevalence was Jeju-do (Island), which recorded the prevalence of 9.4% in rural areas and 5.9% in urban areas, followed by Jeollanam-do, with a prevalence of 4.7% in rural areas and 3.6% in urban areas [17] .
Ten years later, in 1981, the national prevalence had decreased slightly to 1.1% [19] . However, the prevalence in Jeju-do and Jeollanam-do remained high, at 19.2% and 3.0%, respectively [19] . From 1981 From -1986 , the prevalence of taeniasis (national or local) became lower than 1% [20, 21] , and dropped even lower, to less than 0.1%, from 1992 [22] [23] [24] . The prevalence finally dropped to 0-0.01% during [2004] [2005] [2006] [2007] [2008] (Fig. 2 ) [25] [26] [27] . Since 2008, only 2 cases have been detected, which were diagnosed as T. saginata by sequencing of the gene encoding mitochondrial cytochrome c oxidase 1 (cox1), in the Department of Parasitology, Chungbuk National University School of Medicine, Cheongju, Korea (Eom KS, personal communication). This temporal pattern is an evidence of the declined prevalence of human taeniasis and its present near-virtual absence in Korea.
The exact reasons for this decline of taeniasis in Korea are unclear. However, several factors could have been involved. One is the availability and widespread use of effective anthelmintics, for example, praziquantel and niclosamide. The second is the introduction and subsequent popularity of the flush toilet nationwide, including Jeju-do. The third is improvement of food for pigs (commercial fodders) and strengthening of the meat inspection system, especially for pigs and cattle. Still another factor includes the greatly improved socioeconomic status and health educational level of Koreans in recent generations.
PREVALENCE OF TAENIASIS IN JEJU-DO
A high prevalence (26%) of human taeniasis on Jeju-do was reported by Soh and coworkers in 1963 in an abstract to the 5th Annual Meeting of the Korean Society for Parasitology (KSP); however, the results were not published. In 1964, Kang et al. [28] reported in an abstract to the 6th Annual Meeting of KSP that the prevalence of Taenia spp. eggs (term ed tapeworm eggs) among primary schoolchildren in Puk-Jeju-gun was 8.9% in 1963 and 4.3% in 1964 (Table 2) . Kang et al. [29] , in 1965, further detected 136 proglottid-discharging patients in Jeju-do Table 1 from 1914-2008 and from Jeju-do in Table 2 and successfully treated them with bithionol. In 1967, very high prevalences of taeniasis (37.4% in rural areas and 16.4% in urban areas residents) were found in Aewol-myon, Puk-Jejugun, through recovery of eggs from feces [30] .
In 1971, during a national fecal survey on randomly selected Koreans, the positive rate of Taenia spp. eggs among Jeju-do residents was a little lower, 8.2% (38 positives among 462 examined) [17] . Thereafter, the prevalence remained high, from 12.7% to 20.1%, until 1980 [19, 31, 32] . From 1985, however, the prevalence began to drop quickly in that year, and until 1992, Taenia egg prevalence rates were 1.5-6.9% in several areas of Jeju-do [21, 22, 33, 34] . In a 1997 survey, the egg positive rate of Taenia spp. was 0%, where it remained through 2006 ( Fig. 2) [24] [25] [26] . Since 2006, there have been no reports of fecal surveys on Jeju-do residents.
One of the reasons for such a high Taenia tapeworm prevalence until the 1970s in Jeju-do was undoubtedly the traditional way of raising pigs on the island (Fig. 3) . Until then, toilets in Jeju-do were located in close contact with pigs. The pigs, usually housed immediately below the toilet, were allowed to eat the freshly defecated human feces, which would encourage active transmission of the life cycle of T. solium and T. asiatica. However, this type of traditional pig raising ceased during the 1980s, and today is exhibited only in several traditional villages used for sightseeing. The change in pig raising drove the decreased prevalence of taeniasis, and also cysticercosis, in Jeju-do.
STUDIES ON T. ASIATICA
The presence of T. asiatica, which is morphologically almost indistinguishable from T. saginata but biologically similar to T. solium, which adopts pigs as the intermediate host, was first reported in Taiwan in the 1930s [3] . The adult tapeworms collected from the mountain tribes (aborigines) of Taiwan morphologically resembled T. saginata rather than T. solium, despite the popular practices of eating pig liver and the unavailability of cattle around the oboriginal environments [35, 36] . From 1982-1986, Fan and coworkers [35, 37] ginning in 1987 [38, 39] began to use the term Taiwan Taenia for this tapeworm. However, as the same kind of Taenia tapeworm was also discovered in Korea and Indonesia in 1988 [40] , the name 'Asian Taenia' was more accurately adopted [41] . In 1995, a subspecies of T. saginata, i.e., T. saginata asiatica, was proposed by Fan and co-workers [42, 43] . However, in 1993, this peculiar Taenia tapeworm had been proposed as a new species, T. asiatica, in Korea [4] . The existence of this non-solium non-saginata human Taenia tapeworm in Korea was suggested in the 1960s [29, 30, 44, 45] . In particular, a study published in 1969 [44] reported the perflexing epidemiologic finding in Jeju-do that, whereas the majority of adult tapeworms recovered from residents appeared morphologically to be T. saginata, there were little or no Cysticercus bovis-infected cattle in Jeju-do. A similar discrepancy was repeatedly noted in different endemic areas of taeniasis, including Jeollabuk-do [45] and Jeollanam-do [46] . In 1983, a leprosarium in Sorok-do (Island), Jeollanam-do, was reported to show a peculiar finding in the occurrence of Taenia tapeworm infections [46] . Whereas 26 adult specimens recovered from the patients after chemotherapy were all T. saginata based on their morphology, no cattle were reared on this island, no beaf was imported, and only pigs were raised and consumed as pork [46] .
In 1990, Min [47] strongly suggested the presence of a third species of Taenia in Korea. Subsequently, the new species description of T. asiatica was made in 1993 by Eom and Rim [4] . In the meantime, the cysticerci of T. asiatica (under the name Asian T. saginata) were reported in the liver of naturally infected pigs from Jeollabuk-do [48] . A human experimental infection was performed using the cysticerci from the aforementioned pig liver, and 2 adult tapeworms were recovered after 2 years, which were morphologically close to T. saginata, 1 being 330 cm in length [49] . Subsequently, pigs and cattle were experimentally infected with eggs from this experimentally infected human, and viscerotropism was found in the distribution of cysticerci in pigs and cattle after 30-165 days in the liver, omentum, and lung in pigs, and only in the liver in cattle [50] .
RELATIVE OCCURRENCE OF THE THREE
TAENIA SPECIES Before T. asiatica was reported as a new species, the human Taenia tapeworms in Korea were diagnosed as either T. solium or T. saginata, or were undetermined (this does not represent T. asiatica) [1] . T. asiatica was included among T. saginata because of the almost indistinguishable morphology of the gravid proglottids between the 2 species. Eom and Rim [1] reviewed 7 previous reports on a total of 874 specimens of Taenia tapeworms collected from Koreans during 1965 and 1988, and concluded that the ratio of T. solium and T. saginata was about 1:5. This ratio was either higher, 2:3, in Jeollabuk-do [45] , 3:4, in Seoul and Gyeongsangnam-do, and 1:3 or 1:4, in Jeju-do [51, 52] , or lower, 1:9, in Jeju-do [30] . No T. solium worms were recovered among 10 Taenia worm-recovered cases in Chungcheongbuk-do [51] , 26 cases in Jeollanam-do [46] , and 58 cases in Jeju-do [34] . Considerable numbers of these T. saginata cases must have been actually T. asiatica cases.
After 1993, no article which properly analyzed the ratio had been available until a study was done in 2005 which reported a ratio of 1 (T. solium): 17 (T. asiatica): 5 (T. saginata) based on the analysis of cox1 and internal transcribed spacer 2 (ITS2) genes from 68 specimens obtained from university museum collections from 1935-2005 [53] . These results obtained before and after 1993 may suggest that T. solium had decreased more quickly than T. asiatica and T. saginata in Korea. It also seems to be true that T. asiatica had been the dominating species over T. solium and T. saginata, and the next was T. saginata followed by T. solium over the past 50-100 years in Korea.
ARE TAENIASES HIDDEN OR GONE?
All 3 species of Taenia tapeworms seem to have now almost disappeared from Korea. However, it cannot be completely ruled out that some sporadic cases may remain hidden, for example, in remote or previously endemic areas. The 2 cases referred to the Department of Parasitology, Chungbuk National University School of Medicine in 2011 (Eom KS, personal communication) are such examples.
The detectability of Taenia cases may be different by different Taenia spp. For example, T. solium infection can be completely silent unlike T. saginata or T. asiatica. Whereas the terminal gravid proglottids of T. saginata or T. asiatica tend to actively move and crawl out of the intestine to the anus, thereby eliciting symptoms such as anal itching, those of T. solium pass out of the intestine quite passively [2] . For this reason, T. solium infection is detected on examination of stools only, and may be more easily missed and hidden than T. saginata or T. asiatica infection. To the author's own experience, a substantial number of Taenia egg-negative people in Lao Peoples' Democratic Republic actually expelled adult Taenia tapeworms (mostly T. saginata) after treatment with praziquantel and purging with magnesium salt which was done for recovery of trematode infections. Therefore, to confirm whether taeniasis has completely disappeared from Korea, attention should be paid to such false egg negative cases.
DECREASE OF HUMAN CYSTICERCOSIS
Human cysticercosis is caused by T. solium, but not by T. saginata or T. asiatica, though some possibility remains for T. asiatica [54, 55] . In Korea, the incidence of human cysticercosis had been high before, but recently a decreasing tendency has been demonstrated. For example, during 1968 and 1987, 425 (0.24%) cysticercosis cases were diagnosed out of a total of 174,770 surgical biopsy specimens obtained in the Department of Pathology, Seoul National University Hospital [56] . Similarly, in 1972-1983, 136 (0.30%) cysticercosis cases were detected out of a total of 45,651 surgical biopsies examined in the Department of Pathology, Kyunghee University Medical Center in Seoul [57] . Another study during 1980-1989 found 112 (0.14%) cysticercosis cases out of a total of 80,947 biopsies in the Department of Pathology, Chonnam National University Hospital [58] . However, this ratio became much lower in a follow-up study in Kyunghee University Medical Center; only 62 (0.029%) were found to be cysticercosis out of a total of 211,859 surgical biopsies [59] , which is only 1/5-1/15 that of previous reports [56] [57] [58] . These trends of the decrease of cysticercosis among the toal biopsy cases, in particular, data derived from Seoul National University Hospital (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) [56] and Kyunghee University Medical Center [57, 59] are depicted in Fig. 4 .
The prevalence of cysticercosis can also be estimated by serologic tests, in particular, ELISA. In 1993, Kong et al. [60] reported a seropositive rate for cysticercosis of 2.1% by ELISA among 750 individuals selected from general population selected from different areas of Korea, whereas 4.0% of 2,667 epileptic patients revealed positive reaction. In 2003, a study reported 26 (3.0%) cysticercus positive cases out of 865 serum samples referred from various localities [61] . A serologic reference center located in Seoul (Department of Laboratory Medicine, Chung-Ang University College of Medicine) reported an overall seropositive rate of 4.2% for cysticercosis out of a total of 74,448 serum or cerebrospinal fluid samples suspected as neurologic diseases, which were referred from 121 hospitals nationwide during 1993-2006 [62] . An interesting finding in the latter study was that the seropositive rate of cysticercosis apparently showed a decreasing trend, from 7.3-8.3% in 1993-1994 to 1.6-2.2% in 2005-2006 [62] .
Cysticerci may live 5-10 years in the human body and thereafter begin to calcify (this may also take years) [63] . Most of the symptoms develop after cysticerci die and undergo calcification [63, 64] . Therefore, symptomatic and also seropositive cysticercosis patients would continue to be found until 10-20 years after complete disappearance of human T. solium infection in a community. Therefore, it is presumed that human cysticercosis disappears within 10-20 years after disappearance of human T. solium infection.
PERSPECTIVES
In Korea, there was a high prevalence of soil-transmitted helminths (Ascaris lumbricoides, hookworms, and Trichuris trichiura) in the past, but the prevalence has now decreased markedly [65] causing no more serious problems due to these parasitic infections. Lymphatic filariasis, due to Brugia malayi, has also posed a problem in several endemic areas, including Jeju-do [66] . However, a declaration was made in 2009 that lymphatic filariasis has been eliminated from Korea [66] . Now, we expect the complete disappearance of taeniasis from Korea in the near future. One thing to consider is the relative lack of data from North Korea on the prevalence of taeniasis and cysticer- Fig. 4 . Decreasing patterns of cysticercosis in Korea based on data from Seoul National University Hospital (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) [56] and those from Kyunghee University Medical Center [57, 59] both of which are located in Seoul. cosis. An available document on North Koreans reported that the seropositive rate of cysticercosis by ELISA was 9.3% (29/270 people) among people in Cheongjin area in 2004 [67] , which was higher than the rates observed in 1993-1994 in South Korea [62] . We do not know the current situation of taeniasis and cysticercosis in North Korea. However, when free communication becomes possible between North Korea and South Korea, the risk for taeniasis transmission should again be taken into considerations.
